Introduction
Recent studies have revealed that natural stable isotope fractionations of many elements heavier than S (e.g., Fe, Cu, Zn) are common on the Earth. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] While the mechanisms of isotopic fractionation are not yet well understood, biological activity appears to be particularly important for the cause of variations in isotopic composition. Zinc is one of the most important elements as a biological essential element to activate physiological functions of various enzymes; deficiency of this element leads to poor growth, dermatitis or impaired immune function. 13 Zinc in blood is mainly found in erythrocytes, with most of the remainder non-specifically bound with albumin, alpha-macroglobulin and amino acids in plasma, and exchangeable Zn buffer is located in the liver. 14, 15 The bioavailability of Zn or the mechanism of intake of Zn into a human body has been well studied by means of isotopic-tracer experiments using enriched-Zn isotopes. [16] [17] [18] [19] While the isotopictracer method is powerful tool to investigate metabolism in a human body, this method requires the assumption that the isotopic fractionation through biological processes and the heterogeneity of Zn isotopes in tissue specimens are negligibly small. Recently, Maréchal et al. reported that Zn isotopic composition of a human blood sample is different from other biological and geochemical samples using multiple collector-ICP-mass spectrometry (MC-ICPMS). 1 This pioneering work showed that the Zn isotopic composition of human blood is different from that of other natural samples. More recently, precise Zn isotopic data on several biological materials such as bovine muscle, liver, blood or human hair demonstrated the wide range of variation in Zn isotopic ratios covering almost 1‰ among the samples. 12 However, neither variation among individuals nor seasonal change of the Zn isotopic composition has been investigated. In this study, in order to test the possible isotopic variations of Zn among the individuals and the seasonal change in isotopic compositions of Zn in a human body, isotopic analyses have been made on Zn in red blood cell (RBC) samples collected from five volunteers and a series of twelve RBC monthly-based samples collected over a period of one year. Moreover, Zn isotopic composition of a hair sample collected from one of the volunteers who offered a RBC sample was measured to investigate the possible isotopic heterogeneity of Zn isotopes in a human body. Zn ratios for RBC samples collected from five volunteers did not vary significantly. In order to investigate Zn isotopic heterogeneity in a human body, Zn isotopic ratios of a hair sample collected from one of the volunteers was also analyzed. The 66 Zn/ 64 Zn and 68 Zn/ 64 Zn ratios for the hair sample were 0.59‰ and 1.14‰ lower than the mean value of RBC samples. This result demonstrates that detectable isotopic fractionation occurs in the human body. The data obtained here suggest that the isotopic ratios of trace metals could provide new information about transportation of metal elements in vivo.
Experimental

Instrumentation
The MC-ICPMS instrument used in this study was a Nu Plasma 500 (Nu Instruments, Wrexham, UK 11 ohm feedback registers were used to measure each isotope. No correction for collection efficiency was made in this study. Operational settings such as torch position, Ar gas flow rates and lens settings were optimized to maximize the signal intensity of Zn isotopes. Details of the instrument and the operating parameters are summarized in Table 1 .
Samples and sample decomposition
About 10 ml of heparinized blood samples were sampled from five volunteers (four males and one female) under the procedures of the ethical code at Juntendo University. RBC samples were washed twice with 5% glucose and collected by removing blood plasma and white blood cells using a cyclone separator. The parts of the collected RBC samples were then offered to the chemical decomposition procedures. One milliliter of each RBC sample was mixed with 4 ml of conc. HNO3 and 0.5 ml of conc. H2O2. Mixed sample solutions were then heated up to 120 -160˚C for 20 min in a microwave oven (MLS-1200 MEGA, Milestone, Bergamo, Italy) to decompose the organic constituents in the samples. 10, 20 A hair sample was collected from one of the volunteers. After being washed with acetone, about one gram of a hair sample was mixed with 6 ml of conc. HNO3 and 1 ml of conc. H2O2. The hair sample was decomposed in a microwave oven. Operational settings such as temperature or time sequence for decomposition of hair sample were identical to those of RBC samples. The dissolved sample solutions were then subjected to the chemical separation procedure described below.
Chemical separation
In the case of Zn isotopic analysis using the MC-ICPMS technique, the analyte Zn must be chemically separated from major elements and/or residual organic components prior to the measurement in order to avoid the erroneous measurements in Zn isotopic ratios due to a matrix effect. 10, 21 In this study, anion-exchange chromatographic separation using AG-MP1 (Bio-Rad Lab., Hercules, USA) was adopted. 1, 22 Decomposed sample solutions were heated up to dryness on a hot plate at ca. 150˚C for 2 h. The resulting sample cake was redissolved in 1 ml of 2 M HCl, and then loaded onto an anion exchange resin column (1.6 mL). After the removal of major elements (e.g., K, Mg, or Fe) and/or possible residual organic components by 10 mL of 2 M HCl, Zn was collected by 10 ml of 0.5 M HNO3. Recovery of Zn through this procedure was > 96%. No significant level of isotopic fractionation through the separation procedures could be found (< 0.05‰/amu).
Chemical blank
Nitric acid, hydrogen peroxide and hydrochloric acid used in this study were commercially available sub-boiling high-purity reagent TAMA SuperPure AA-10 (TAMA Chemicals, Kawasaki, Japan). Deionized water was prepared by Milli-Q SP ICP-MS Spec. system (Millipore, Billerica, USA). The level of Zn from the hypodermic needle and tube was 30 ng. Analytical Zn blanks from the PTFE apparatus and ion chromatograph column were 10 ng and 30 ng, respectively. Total Zn blank from the present chemical procedures were < 70 ng. The contribution of Zn blank through the procedures was < 1% level and no correction for blank contribution was made in this study.
Normalization and uncertainty of the measurement
The mass discrimination effect was corrected by external correction technique using Cu. The Cu isotopic reference standard used in this study was a NIST SRM 976. The mass discrimination effect on Zn was externally corrected using Cu based on an exponential law. 
Here "corr." and "meas." represent the corrected and measured ratios respectively, and "m" is the mass of isotopes. 
External precision (reproducibility) of the isotopic ratio measurements was evaluated by repeated analysis of high purity Zn reagent solution (Kanto Chemicals) over a period of 5 months. The resulting δ 66 Zn and δ 68 Zn values calculated from the chemical reagents were 0.06 ± 0.05‰ (2SD, n = 20) and 0.10 ± 0.10‰ (2SD, n = 20), respectively. We have taken this value as the typical uncertainty of the Zn isotopic ratio measurements achieved here.
Results and Discussion
Seasonal change in Zn isotopes
In order to investigate the possible seasonal change of the Zn isotopic ratios, we have measured the 66 Zn/ 64 Zn and 68 Zn/ 64 Zn ratios for 12 RBC samples collected from the same person through monthly-based sampling over a one-year period. The resulting Zn isotopic data for all 12 samples are listed in Table  2 . The δ 66 Zn data were plotted against the sampling month in Fig. 1 . There was no measurable change in the δ 66 Zn ratios. This result might be due to a small contribution of net-dietary absorption of Zn (ca. 1 mg per day) into the large amount of Zn contents in a human body (ca. 2 g). 13 Zn isotopic data for human RBC samples may provide information about the dietary conditions over a long-term period.
Difference in the Zn isotopic ratios among individuals
We have measured 66 Zn/ 64 Zn and 68 Zn/ 64 Zn ratios for the RBC samples collected from five volunteers in order to test the possible isotopic variations of Zn among the individuals. The resulting Zn isotopic data obtained from 5 RBC samples are listed in Table 3 , and the δ 66 Zn values are plotted on Fig. 2 . The δ 66 Zn data obtained here demonstrated clearly that there was no significant difference in Zn isotopic ratios among the individuals. Absence in variation in δ 66 Zn values among the individuals may result from no systematical differences in efficiency of the nutritional intake of Zn from food among the persons.
Isotopic heterogeneity of Zn in the human body
In order to examine the isotopic heterogeneity in the human body, we have measured Zn isotopic ratios for a hair sample. The resulting δ 66 Zn and δ 68 Zn values were -0.16‰ and -0.31‰, indicating that the 66 Zn/ 64 Zn and 68 Zn/ 64 Zn ratios for a hair sample showed 0.59‰ and 1.14‰ lower than the mean value of RBC samples collected from the same human body (Fig. 2, Table 3 ). This result proved that Zn isotopic fractionation occurred in the human body. Moreover, this lower value was consistent with the Zn isotopic data reported by Stenberg et al. 12 These results demonstrate that Zn isotopic 427 ANALYTICAL SCIENCES APRIL 2005, VOL. 21 Zn data for RBC and hair samples: a, male; A, female; f, hair. 
Conclusion
The precise Zn isotopic analysis of RBC and hair samples using MC-ICPMS was achieved. The resulting precision 66 Zn ratio measurements were 0.05‰ and 0.10‰ (2SD, n = 20), respectively, and the level of analytical precision achieved here was high enough to detect the variation of Zn isotopic ratios in nature. The 66 Zn/ 64 Zn and 68 Zn/ 64 Zn ratios for a series of 12 RBC samples collected over a year showed that there was no seasonal change in Zn isotopic ratios from the RBC samples, indicating that the Zn isotopes of human RBC samples may provide information about the dietary conditions over a long-term period. The 66 Zn/ 64 Zn and 68 Zn/ 64 Zn ratios for RBC samples collected from five volunteers did not vary significantly. The 66 Zn/ 64 Zn and 68 Zn/ 64 Zn ratios for a hair sample showed 0.59‰ and 1.14‰ lower than the mean value of RBC samples collected from the same volunteer. The data obtained here suggest that the isotopic ratios of trace metals may be a useful tool for research on "metallomics". 24 
